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Abstract 
Hydraulic jump is a phenomenon caused by change in stream regime from supercritical to sub – critical flow with considerable energy 
dissipation and rise in depth of flow. Hydraulic jump primarily serves as an energy dissipater to dissipate excess energy of flowing water 
downstream of hydraulic structures, such as spillway, sluice gates etc. This excess energy, if left unchecked, will have adverse effect on 
the banks and the bed. A review of literature has shown that earlier researcher have studied the hydraulic jump characteristics in terms of 
approach Froude number (Fr1) only. In the present paper hydraulic jump in horizontal prismatic channel has been studied and analyzed 
considering the effect of both approach Froude number and incoming Reynolds number (Re1). Empirical models for relative length and 
relative energy loss of free hydraulic jump based on experimental data using Buckingham – theorem and regression analysis have been 
developed considering the effect of approach Froude number and incoming Reynolds number. The developed empirical computational 
model is validated using Bhutto (1987) data. 
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Nomenclature 
E1 Specific Energy before Jump  
E2 Specific Energy after Jump 
EL Energy Loss 
ERL Relative Energy Loss 
Fr1 Approach Froude number  
f function of 
g Gravitational Acceleration  
Hj Height of Jump 
Lj Length of the Jump 
Re1 Incoming Reynolds number 
R2 Coefficient of determination 
V1 Velocity of flow before jump 
V2 Velocity of flow after jump 
Y1 Depth of flow before the jump 
Y2 Depth of flow after the jump 
Density of water 
μ Coefficient of viscosity 
 Efficiency of jump 
Roughness of the surface 
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1. Introduction 
Hydraulic jump is one subject which has extensively been studied in the field of hydraulic engineering. It is an intriguing 
and interesting phenomenon that has caught the imagination of many research works since its first description by Leonardo 
da Vinci. The Italian engineer Bidone (1818) is credited with the first experimental investigation of this phenomenon.   
Since the considerable research effort has gone into the study of this subject. The literature on this topic is vast and ever – 
expanding. The main reason for such continued interest in this topic is its immense practical utility in hydraulic engineering 
and allied fields. Belanger (1849), Bakhmateff and Matzke (1932), Bradley and Peterka (1957), Chow (1959), Henderson 
(1966), Herbrand (1973), Subramanya (1968), Bhutto (1987), Ranga Raju (1992), Hager (1993), Rajaratnam (1996),  H 
Chanson (1998), Noor and Bhusra (2002), Nbil Bessaih (2002) have been developed various analytical and empirical 
models from their experimental study for hydraulic jump characteristics.  A hydraulic jump is a phenomenon in the science 
of hydraulics which is frequently observed in open channel flow such as rivers and spillways. When liquid at high velocity 
discharges into a zone of lower velocity, a rather abrupt rise occurs in the liquid surface. The rapidly flowing liquid is 
abruptly slowed and increases in height, converting some of the flow's initial kinetic energy into an increase in potential 
energy, with some energy irreversibly lost through turbulence to heat. In an open channel flow, this manifests as the fast 
flow rapidly slowing and piling up on top of itself similar to how a shockwave forms.  
In the present paper empirical models for relative length and relative energy loss of free hydraulic jump have been 
developed considering the effect of approach Froude number and incoming Reynolds number. 
2. Experimental Set – up and Methodology 
2.1. Experimental Set - up 
The experiment was carried out in Hydraulic Laboratory of Applied Mechanics Department of Motilal Nehru National 
Institute of Technology Allahabad. The general layout of experimental setup is shown in fig (1). The setup consist of (1) an 
over head supply tank (2) feeder pipe with regulating valve (3) inlet tank (4) stilling basin (5) test section or working section 
(6) sharp edged vertical regulating gates (7) point gauges with slider (8) discharge tank with rectangular weir. 
A constant head (over head) supply tank of volume 3.6 x 3.6 x 3 m3 is available to minimize the error due to change in 
flow during experimentation. Water is reached to the inlet tank of volume 0.45 x 0.30 x 0.80 m3 through the connecting pipe 
of diameter 10 cm provided with regulating valve by a centrifugal pump. 
 
 
  Figure 1 Schematic Layout of Experimental Setup 
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A stilling channel of length 2.35 m, width 0.21 m and height 0.30 m is provided at the upstream end of the working 
section to ensure uniform flow distribution. The experiment were performed in 2.1 m long channel having width of 0.21 m 
and height 0.30 m. Bottom surface is made of cement for smooth flow to minimize the formation of eddies and rollers. Side 
walls are made of Perspex sheet to visualize the location of starting and end position of the jump. Parallel rails are mounted 
at the top of the side walls for sliding of point gauges to measure the depth at different position along the length and along 
the width of the channel. An adjustable sharp edged vertical regulating gate is used at the upstream and downstream of the 
working section to regulate the depth of flow into the working section. A discharge tank with rectangular sharp crested weir 
of length 0.30 m is used to measure the discharge. 
 
  Figure 2 Schematic Layout of Experimental Setup 
2.2. Experimental Methodology 
A series of runs at different values of discharge were experimented and hydraulic jump was formed by operating the tail 
gate and sluice gate. For each run initial depth, sequent depth and length of hydraulic jump were measured. The above steps 
were performed sequentially at different valve opening for free hydraulic jump. The discharge in the channel is measured 
with the help of sharp crested rectangular weir. The initial depth, sequent depth and height of water flowing over the crest of 
weir are measured with the help of point gauge. 
     
  Figure 3 Formation of hydraulic jump in horizontal prismatic channel 
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3. Dimensional Analysis 
Based on theory of hydraulic jump, the important variable affecting the jump pattern and energy dissipation are Y1, Y2, 
V1, V2, Lj, Hj, E1, E2, EL, ERL,  
f (Y1, Y2, V1, V2, Lj, Hj, E1, E2, EL, ERL, , g, μ, , )=0 
-theorem and treating Y1, 
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From the dimensional analysis it is found that all the hydraulic jump characteristics are the function of approach Froude 
number and incoming Reynolds number. It is noted that the effect of surface roughness could not be studied as it could not 
be possible to change the roughness of the bed. 
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4. Result and Discussion 
4.1. Variation of Relative Length and Relative Energy Loss of Free Hydraulic Jump with approach Froude number 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4 Variation of Relative Length of the Jump with approach Froude number 
 
Figure 4 shows a non-linear (polynomial) variation of relative length of the jump Lj/Y1 with approach Froude number Fr1 
which varied from 2.5 to 7.57. From this figure it is observed that the relative length of the jump increases with increase in 
approach Froude number. It is evident from the figure that approximately 93% of experimental data are lying within ± 10% 
of the best fit curve with R2- value of 0.9437. 
Figure 5 shows a non- linear (logarithmic) variation of relative energy loss with approach Froude number which varied 
from 2.5 to 7.57. From this figure it is observed that relative energy loss increases with increase in approach Froude number. 
Similar trend has been presented by Chow (1959), Bhutto (1987) and Ranga Raju (1992) for the variation of relative energy 
loss with approach Froude number from their experimental studies. It is evident from the figure that approximately 80% of 
experimental data are lying within ± 10% of the best fit curve with R2- value of 0.959. Few data points are deviated from 
best fit curve which may be due to inaccuracy in measurement of depth of flow and discharge. 
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Figure 5 Variation of Relative Energy Loss of the Jump with approach Froude number 
4.2. Variation of Relative Length and Relative Energy Loss of Free Hydraulic Jump with Incoming Reynolds number 
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Figure 6 Variation of Relative Length of the Jump with Incoming Reynolds number                                                       
 It is observed from figure 6 and 7 that relative length and relative energy loss of the free hydraulic jump decreases with 
increase in incoming Reynolds number. 
534   Sanjeev Kumar Gupta et. al /  Procedia Engineering  51 ( 2013 )  529 – 537 
 
0
0.2
0.4
0.6
0.8
0 5000 10000 15000 20000 25000
Incoming Reynolds number Re1
R
el
at
iv
e 
En
er
gy
 lo
ss
 E
L/E
1
 
 
Figure 7 Variation of Relative Energy Loss of the Jump with Incoming Reynolds number 
5. Empirical Models 
-theorem and regression analysis of experimental data.  On 
the basis of linear fitting between different hydraulic jump characteristics and dimensionless group developed, the following 
empirical models were developed. 
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6. Validation of Empirical Models 
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Figure 8 Validation of model equation 1 with Bhutto (1987) data 
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The present model equation (1) for relative length of the jump Lj/Y1 is validated using Bhutto (1987) data and the plot of 
predicted value of Lj/Y1 with experimental value of Lj/Y1 is shown in figure (8). All the data points are lying within ± 10% 
of the best fit curve and R2 = 0.959 for linear fit between experimental and predicted value of Lj/Y1, clearly indicates the 
good fitting of present model equation (1).   
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Figure 9 Validation of model equation 2 with Bhutto (1987) data 
The present model equation (2) for relative energy loss EL/E1 is validated using Bhutto (1987) data and the plot of 
predicted value of EL/E1 with experimental value of EL/E1 is shown in figure (9). All the data points are lying within ± 10% 
of the best fit curve and R2 = 0.981 for linear fit between experimental and predicted value of EL/E1, clearly indicates the 
excellent fitting of present model equation (2).  
7. Comparison of Empirical Models 
0
20
40
60
80
0 2 4 6 8
Approach Froude number Fr1
R
el
at
iv
e 
le
ng
th
 o
f t
he
 ju
m
p 
L j
/Y
1
Experimental data Bhutto (1987)
Polynomial present model
Poly.Noor and Bhusra model
(2002)
 
                 Figure 10 Comparison of model equation 1 with other model 
Figure 10 shows the comparison of relative length of the jump Lj/Y1 of present model equation 1 with the model 
equations developed by Noor and Bhusra (2002) using the experimental data of present study for horizontal prismatic 
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channel. It is observed that most of the experimental data of Bhutto (1987) are close to the present model. It proves that the 
present model is better than model developed by Noor and Busra. 
            
Figure 11 Comparison of model equation 2 with other model 
Figure 11 shows the comparison of relative energy loss EL/E1 of present model equation 2 with the model equations 
developed by Chow (1959) and Silvester (1964) using the experimental data of present study for horizontal prismatic 
channel The model equation developed by Silvester (1964) is overlapped to the present model equation 2 which proves the 
feasibility and efficacy of present model equation 2. Further it is observed that the most of the experimental data of Bhutto 
(1987) are close to the present model and model equation developed by Silvester (1964). It proves that the present model 
and Silvester (1964) model are equally better than the model equation developed by Chow (1959). 
8. Conclusion 
It is concluded that the relative length, relative energy loss of the free jump increases with increase in approach Froude 
number but decreases with increase in incoming Reynolds number. The developed empirical model is validated using 
Bhutto (1987) experimental data and applicable between approach Froude number 2 to 8 and incoming Reynolds number 
8000 to 25000. 
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